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RESEARCH MEMORANDUM

SUMMARY OF LOCATIONS, EXTENTS,
AND INTENSITIES OF TURBULENT ARFEAS ENCOUNTERED DURING
FLIGHT INVESTIGATIONS OF THE JET STREAM FROM
JANUARY 7, 1957 TO APRTL 28, 1957

By Martin R. Copp
SUMMARY

A summary of the locations, extents, and intensities of turbulent
areas encountered during a flight investigation of the jet stream is
presented. The data were obtained from NACA VGH time-history records.

INTRODUCTION

flight investigation of the jet stream utilizing & Boeing B-47
airplane was undertsken by the Air Force Canmbridge Research Center
(ref. 1). The National Advisory Committee for Aeronautics cooperated
in this flight investigation to the extent of providing instruments for
meesuring the turbulence and the eveluation of the data. A summary of
the extents of the turbulent areas and the altitudes and times at which
they were encountered is presented in reference 2 for the period
October 1953 to July 1955. This report summerizes subseguent dats
obtained for the period January 1957 to April 1957.

SCOPE OF DATA AND APPARATUS

The flight records covered the period from Januery T, 1957 to
April 28, 1957. The records from 20 flights were obtained mostly over
the central part of the United States with occasional missions flown
to the west coast and with some flights over the southeastern psxt of
the country. VGH records were not obtained from flights 10, 11,
and 12 because of instrument malfunctions. Flight altitudes for the
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separate traverses along or across the jet stream varied from about
23,000 feet to 42,000 feet in an attempt to obtain detailed data on
parameters, such as the wind and turbulence field at a given altitude

in the Jjet stream, and also to define the cross section of the Jjet stream.
A more detailed description of the tests is given in reference 1. The
data presented herein represent approximately 45,000 miles of flight.

The NACA VGH recorder used to cbtain the turbulence measurements is
described in reference 3, Besically, the instrument contains two pres-
sure capsules and an accelerometer element to record the time histories
of airspeed, altitude, and vertical acceleration. However, for this
investigation, the accelerometer element was removed from the VGH recorder
end an airspeed cell was installed which permitted reading of airspeed
fluctuations down to approximately 2 feet per second at the normal
cruising speed of the airplene. The fluctuations in indicated airspeed
provided a measure of the longitudinal gust components for use in deter-
mining the locations, extents, and intensities of the turbulent areas.

The recorder contained 200 feet of film, and, with the film speed
of about 3.7 inches per minute used in the present tests, film was avail-
able for approximately 10% hours of flight. In general, continuous

records were tsken from the time of take-off to the time of landing.
One~minute timing merks were impressed on the VGH records as an aid in
locating the turbulent areas encountered and in computing the total dis-

tance flown.
EVALUATION AND PRESENTATION OF DATA

In evalueting the VGH records, the turbulent areas were defined by
the portions of the records which contained horizontal gust components
as measured from the mean flight speed of at least 5 feet per second
(true airspeed). This does not infer that, in all portions of a given
area of turbulence, gust velocities of at least 5 feet per second were
continuously encountered. Large portions of the areas designated as
turbulent contained gust velocities of lower magnitude which probably
were not discernible to the flight personnel. No correction for the
response of the airspeed system of the VGH recorder was made in reading
the fluctuatlions from the records since the detailed lengths snd sizes
of the tubing used in installing the instrumentation were not known. On
the basis of information availgblie on similar airspeed systems, it is
estimated that, for the altitude range covered by the present tests,
the peek velocity values are accurate to within *5 percent. It is con-
sidered, therefore, that the sirspeed readings provided a consistent
measure of the horizontal gust intensities for use in defining the tur-

bulent aresas.
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The locations of the turbulent areas are listed for each flight in
table T in terms of the elapsed time from take-off. Also given in table I
are the average pressure eltitude and the indicated airspeed of the air-
plane during the time the turbulence was encountered. The extent of each
ares of turbulence was determined from the time during which the airplane
was in the turbulent region and the average true eirspeed. As a measure
of the turbulence encountered, the number of true gust velocities equal
to or greater than 10 feet per second, as well as the maximum true gust
velocity for each turbulent area, are also tabulated. The times when
cruising altitude was reached and when descent was started are noted in
the table for easch flight in order to provide a basis for correlating
the locations of the turbulent areas with other meteorological mesasure-
ments taken in the sirplane.

DISCUSSION

The turbulence encountered during the investigation was generally
light, as in reference 2, and covered approximately 12 percent of the
total distance flown. A comparison of the date in teble I indicates
that the most severe turbulence was encountered during flight 27, on
March 29, 1957. During this flight, the table indicates that the true
gust velocitles ranged up to 37 feet per second as compared to values
generally less than 20 feet per second for the remainder of the flights.
The extent of the turbulence encountered during flight 27 was approxi-
metely 23 percent of the total distance flown. Although larger areas
of continuocus turbulence were encountered on other flights, for exemple
flight 29, the meximum true gust velocity encountered and the number of
gusts per mile of turbulent air were considerably less for these turbu-
lent areas than for the most turbulent areas of flight 27.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronauties,
Lengley Field, Va., Nov. 20, 195T.
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TAELE I.- SUMMARY OF JEP-STREAM TURBULENCE DATA
LocaSion of Remarks
turbulence referenced " mar
from take-off Pressure | Indicsted | Extent or | Nover oF | Maximm
gust true gust
altitude, | airppeed, | turbulence, velocities | veloeity,
Start End 12 mph miles 20 o8 frs . | Time cruise | Time descent
began, nin began, min
Time, min | Time, min
Flight 8; January T, 1957
155.0 156,3 42,000 262 12,6 - 7T
1754 174.8 42,000 a5 13.0 - 7 2.3 2533
Plight 9; Janvary 10, 1957
68.54 70.0 30,000 532 lﬁi - 8
99.9 100.5 34,000 2 . - 5
138.0 139.6 515000 295 13.6 - 5 13.5 »1.L
148.2 149.8 34,000 300 1.2 - 7
Fligrt 13; January 23, 1957
93.5 99.1 33,000 330 S.h - 5
99.7 100.1 33,000 320 3.8 - 5
2.8 6.6 29,000 270 27.8 - 9
126.5 129.1 2k,000 336 21.7 - 6
131.5 126.0 23,000 358 38.7 3 10
140.5 1hh,1 33,000 263 30.1 3 12 17.3 367.1
147.8 156.0 35,000 290 T0.5 5 15 - -
158.0 158.3 35,000 26k 2.5 -— T
162.6 163.1 35,000 266 k.l - 6
168.2 168.9 35,000 257 6.6 - 5
175.1 180.1 35,000 207 k.0 2 10
21k} 215.0 37,000 276 5.6 -— T
Flight 1lh; JSeowary 2k, 1957
185.1 191.9 36,000 288 60.6 - [3
262.2 262.7 36,000 28y L.y - 5
279.6 280.0 36,000 282 3.7 - 5 33.% 4o6.4
289.3 201.1 36,000 286 16.0 -— 8
33L.2 333.k 36,000 285 18.4 - T
Flight 15; Jam.ary 25, 1957
65.5 64,1 36,000 3¢k 8.3 - 5
7.9 80.3 35,000 310 2.3 -- 3 34.8 225.7
Flight 16; January 27, 1957
97.k 100.9 37,000 284 31.3 -— 8 17.2 150.1
Flight 17; Feoruvary 5, 1957
60.8 sé.h 29,000 303 5.5 - 3
5.3 6.2 29,000 313 T-7 - T
112.6 113.2 36,000 265 5.0 - 6 22.6 6.6
227.8 220.4 32,000 298 21.5 1 12
Flight 18; February 15, 1957
21.3 23.3 2h,000 349 7.1 - 6
30.5 32.1 24,000 365 16.1 - T
2T m Rl B | B | 2| %
- ] s . -
2.9 b a'r:ooo 323 12.6 - 8 0.5 5.5
7.2 T1-5 28,000 330 3.3 - T
82.3 86.4 28,000 334 6.2 2 12
90.0 92.5 28,000 3o 22.3 - T
Flight 19; February 16, 1957
29.9 30.2 34,000 281 3.0 - T
119.0 120.5 28,000 286 11.% - 8
193.5 195.2 31,500 298 1k.6 - 6 29.7 305.3
2hl.9 2k2.3 3k,000 25k 3.2 - 5 . -
268,1 268.9 35,000 282 7.0 - 6
261.3 285.8 37,000 277 22.5 - 6
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Lecaticn of
twrbulence referenced - - Remarks
from take-of? Pressure Indicated | Fxuent of | -wmber of Maxirnrs
eltitude, | mirspeed, | turbulence, K‘i:c‘sg::s trﬁcﬂ"“
Sters End e mpc miles S0 tps e 1-:,;"?' Time cruise | Tire descent
4 4
Time, min | Time, min tegan, min began, min
Flight 20; Feorusry 20, 1957
1:0.0 111.7 %,000 28, ih.5 -— T
1L€.1 1L7.0 35,000 2717 7.1 -— [
177.5 1535.7 57,000 258 5C.4% 2 11 25.5 306.2
232.0 3L, 39,000 26L 21,5 - &
30C.5 702.0 11,000 256 13.0 - 6
Flight 23; March G, 1557
28.8 2G.4 33,000 %55 6.8 1 20
41,0 L1.7 3k, 000 =28 €.8 - 5
43.9 5C.4 34,000 325 62.0 2 10
4.0 5,9 35,000 330 9.1 - 8 16.3 253.7
62.4 .7 34,0C0 328 1°6.7 30 17 - 2.
5.7 8.5 35,000 31 7.6 -- 7
110.3 110.8 35,000 323 4.3 - 5
213.4 21k .5 35,000 329 9.6 - 5
Flight 2L; Marck 19, 1957
35.7 5.2 35,000 280 .y - 5
99.5 105.6 35,000 274 32.3 - -]
112.0 1-3.8 25,000 284 is.o - 6
155.5 160.1 40, 000 2Lz L7 -— 5
16L.1 165.2 41,000 2Lz 9.0 - 5
167.5 165.0 41,000 246 1.9 - 8
18-.4 18%.4 36,000 28¢ 26.0 ~— 7 2.7 338.9
190.4 191.2 37,000 283 6.6 — 5
2:1.6 213.1 33,000 262 12.7 - 8
225.4 223.3 37,000 272 33.5 - 7
2L0.% 252.4 37,000 268 101.1 3 i3
260.3 260.5 35,000 208 t.9 - €
257.0 257.5 35,0C0 292 5.5 - [:]
Flight 27; March 29, 1657
80.7 90.2 =,000 =8, g0 T 32
92,9 85.7T 36,000 287 23.3 26 i
103.2 115.2 3€,000 27% 10G.7 - 8
121,1 12%.4 36,000 280 15.5 € 6
127.9 131.2 3E,000 280 28.2 1 b §
132,38 143,k 35,000 292 103.7 85 35
157.1 157.5 36,000 278 k.3 3 16
158.9 168.1 35,000 29z 80.5 82 37
h 176.6 36,000 29¢c 6.2 - 5
18¢.5 18%.3 36,000 200 2h.3 -— [:]
185.0 187.8 35,000 285 2h.7 - 8
150.6 1g4.2 25,000 286 30.7 - 5
1549 1975 37,000 280 25.5 - &
169.3 2¢0.2 37,000 i 273 8.1 - [
2c5.8 210.6 37,000 | 265 3.9 - 8 22.5 L19.2
217.8 217.9 37,000 271 . - [3
219.0 228.8 37,6C0 . 27c 83.1 23 17
235.7 235.9 37,600 ., 267 2.9 - 6
2lz.3 2h3.2 39,000 270 8.0 - [3
250.8 251.3 39,000 | 276 4.6 - 9
252.7 254.6 39,000 271 16.6 e 12
255.6 236.2 39,000 272 5.1 - 9
256.5 259.2 39,000 265 5.8 - 9
253.9 261.3 39,000 269 1.7 - 9
1.8 26%.2 39,000 265 12.4 - 9
261-.3 265.1 39,000 266 6.€ - 9
290.9 291.1 1,000 267 2.6 - 9
339.7 34C.8 41,000 250 9.6 . 9
156. 356.9 k1,000 250 T 1 15
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TARLE T.- SUMMARY OF JST-STREAM TURBULENCE DATA - Continued
Locatlon of
turtulence refererced . Remarks
fron take-olf Pressure Indicabed Extent of llu:l‘mer of Mud.m?n
altivude, | airspeed, | turbulence, | Ure Eust | true gust
Stazt End % ph miles 5o frs 2ps ¥> | Dime cruise | Time cescent
Pime, min | Time, min begen, mir begen, min
Flighs 28; April 1, 1957
Z0.4 32.5 34,000 206 18.5 T 15
35.7 k3.9 3k, 000 206 .3 27 19
4¥6.0 L8.2 34,000 305 19.7 - &
57.3 5T.9 34,000 303 5. - T
6T 82.2 34,000 296 128.7 U 1%
1g.2 123.8 ,000 296 50.7 - 8
122.8 135.0 38,000 280 91,2 2k 15
1%1.7 146.5 38,000 280 3,7 3 11
lsgg 155.6 ;2,000 282 '6r.8 - g
138. 159.5 000 292 =T -— \
163.3 165.8 56:000 298 22.5 -— 5 20.6 3%0.0
170.9 1.1 36,000 00 29.3 -— T
175.1 178, 36,000 296 3k.2 - 8
179.7 195.6 5,000 292 169.% 7 13
5 206.2 35,000 297 15.6 1 10
219.7 £22.2 36,000 298 22.8 3 10
298.6 301.2 39,000 270 22.8 ~— T
316.8 31T.5 0,000 269 7.1 - -]
32ir.1 320.9 40,000 277 6.0 - T
336.0 340.0 k2,000 264 7.1 3 12
Flight 29; Ap-il 4, 1957
1hE.5 1k8.1 36,000 288 13.1 1 26
233 | 2.9 | 350w LA 33 = 3
. . 27 . - 5 -
229.8 230.6 39,000 270 7L 8 18 22.6 2gh.7
233.1 272.7 40,000 264 352.4 62 26
279.5 281.7 40,000 261 18.7 - 5
Fligkv 20; April 8, 1957
37.5 35,000 310 277.9 5 n
105.9 33,000 32k 30.3 - [3
] oo | oo 272 1 3
7. 2 .2 1 10
2.2 36,000 zo2 8.6 — 6 30.5 226.5
149.0 38,000 282 6.2 1 10
153.8 38,000 285 96.9 3 1L
186.5 38,000 288 19.5 -— 6
Fligat 31; April 12, 1957
101.9 105.0 31,000 336 66.54 - 8
129.5 131.2 30,000 328 15.1 - 5
143.8 152.3 30,000 330 6.6 - T Complete
159.3 156.9 33,000 315 k.7 - T 26.8 £11ght rot
162.3 163.5 33,000 300 10.1 - 8 obsa‘ned
169.5 178.6 33,000 309 &l.2 36 15
3%6.1 34T.6 34,000 300 13.0 - 8
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TABIE I.- SUMMARY OF JET-STREAM TURBULENCE DATA ~ Concluded

1
Location cof .
turbulence !
refererced Pressuve | Tndiceted Extent Nurber of | Maximum Rexarks
from take-off eltizude,|airepee2 cf true gust |[true gust
- zph ’ |turbulence, | velocities, |velocity,
Start End mlles >10 fps i Tps Time crulse)Time descent
Time, min [Tire, min ) begen, min | begen, min
: . I
Flight 32; April 23, 1357
87.5 89.6 3,000 3i5 15.L - T I
0.6 oh.5 34,000 318 264 - 6
93.3 S6.9 | 34,000 3e2 15.6 -- 5 '
127.9 145.0 37,000 295 57.3 ) - T
149.0 146.8 37,000 2¢8 1.7 - 5
163.5 175.1 37,000 290 1044 1) 22 274 253.1
182.8 189.2 . 38,000 290 69.4 il 20
199.0 200.5 39,000 287 13.4 - 5 i
208.5 210.1 39,000 230 15.7 - 5
211.1 ! 2i1.5 39,000 287 4.0 - 5
268.1 = 268.7 | 39,000 265 6.1 - 6
270.6 273.2 39,000 28g 2k € - T
300.2 307.9 Lp,000 285 R -- 8
328.9 334.0 40,000 280 58.0 - 8
347.6 3L9.0 k0,000 282 13.7 - 5 |
Flight 33; April 26, 1957
1
26.3 27.% 27,000 370 15.7 - 5 :
42.6 k5.1 27,000 370 34.0 - 6
7.2 79.3 28,000 3ko 18.4 3 11
83.5 85.8 28,000 330 19.7 - 5
5.7 99.3 29,000 345 33.2 3 10
116.1 117.7 31,000 328 Lie.2 1 10 12.2 320.7
122.2 136.7 ' 31,000 320 128.8 3 12
49,5 151.3 ' 33,500 310 16.8 - T
170.3 i173.3 33,000 320 a7.5 - 6
230.3 231.5 32,500 333 1r.5 - 5
236.5 23G.3 22,000 335 24.8 - 5
250.6 251.0 33,000 - 317 3.2 - T
255.3 267.1 38,000 . 290 iT.0 - | 5
1 1
Fliget 34; April 28, 1957
1
37.7 7.5 35,000 310 gie.k 1 13
50.0 55.3 3k,000 311 u8.7 2 11
56.5 6C.6 34,000 265 1 36.6 2 11
€2.0 67.5 | 34,000 295 , k12 - 9 £0.9 236.%
73.1 T35 34,000 300 20.7 - 6
20.8 8h.6 37,500 233 27.S - 5
85.5 ' 8.8 | 38,000 250 5.6 -- ! 5
87.1 83.5 28,000 235 1l.2 - 5
92.1 102.9 38,000 233 81.0 - i 8 I
: | 1

NACA - Langley Field, Va,



DT E "

3 1176 01437 2693

-



